Butler University Botanical Studies 
J— Papers No, 2 and 3 


Some Ecological Factors in Secondary 


Succession: Upland Hardwood 


IT, Soil Reaction and Plant Distribution in the 
Sycamore Creek Region 


STANLEY A. CAIN and RAY C. FRIESNER 


Beene teillium in Indiana 


RAY C. FRIESNER 


_ These papers, May, 1929, are contributions No. 8 and 9 from the botany labora- 
tories of Butler University. Address all communications regarding them to 
_ Stanley A, Cain, Butler, University, Indianapolis, Indiana 


SOME ECOLOGICAL FACTORS IN SECONDARY 
SUCCESSION: UPLAND HARDWOODS 


If. SOIL REACTION AND PLANT DISTRIBUTION IN THE 
SYCAMORE CREEK REGION 


By STANLEY A. Carn and Ray C. FRIESNER 


An examination of the vegetation of the Sycamore Creek region 
would certainly warrant the assumption that the soils of many of the 
ridge tops are decidedly acid, for there are a number of plant com- 
munities made up of notoriously acid-tolerant species. Conspicuous 
members of these communities are Vaccinium vacillans’, V. stamineum, 
Gaylussacia baccata, Populus grandidentata, and various mosses, as 
Polytrichum juniperinum, Catherinea angustata, Leucobryum, Di- 
cranum, etc. Since these communities are exclusively on the tops and 
upper slopes of the characteristically narrow ridges, it was thought de- 
sirable to investigate the extent of the hydrogen-ion concentration of 
these soils and to ascertain any relations existing between the pH and 
the topography, and, inevitably, of course, the vegetation. 

The existence of a correlation between the reaction of the substratum 
and the nature of the plant cover was suggested by Pfeffer in the last 
part of last century; but it was not until the technique of soil reaction 
determination was worked out, about 1915-16, that any activity was 
seen along this line. Since that time there has appeared a voluminous 
literature. It is not within the scope of this paper to go into the prin- 
ciples underlying the technique, Clark (7), or the purpose of such in- 
vestigations, Christopherson (6). It will be sufficient to note a few 
facts which have stimulated the present studies. 

First, Salisbury (11) in 1922, published on the stratification of 
hydrogen-ion concentration of the soil in relation to leaching and plant 
succession. He came to the conclusion that, due to leaching action, the 
- surface soil is poorest in bases which increase in amount with increasing 
depth. The organic content decreases rapidly with increasing depth, 
associated with which there is a gradient of hydrogen-ion concentra- 
tion attaining its maximum at the surface. The view is advanced that 
woodlands in general and probably all types of undisturbed plant com- 


Nomenclature: Gray’s New Manual of Botany, 7th Ed. 
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munities are tending to become progressively more acid, with conse- 
quent changes in the character of the vegetation. This he summarizes 
in two fundamental principles, viz.: 

(a) A progressive increase in the acidity, resulting in corresponding 
changes in the character of the vegetation; 

(b) A more rapid leaching on high than on low ground, resulting in 
a depression of the upper limits of the zones as the summit vegetation 
extends with the extension of higher acidity. 

Second, when the formations are not too poor in species, we can, ac- 
cording to Olsen (10), conclude from the composition of the vegetation 
to the hydrogen-ion concentration of the soil. 

Lastly, this problem was made desirable because of an idea derived 
from a paper by Miss Braun (1) on certain relic colonies in southern 
Ohio. The plant communities considered by her were prairie relics. It 
was thought that the Sycamore Creek communities here considered are 
also relic colonies, but in this case xerophytic-acid-boreal relics... Bog- 
plant communities along the southern limits of their present distribu- 
tion are well-known hydrophytic-acid-boreal relics. Transeau (12); 
Cain (3). It is believed that the xerophytic communities are much 
more common, although not so well known. Topography and stream 
erosion are conducive to the development and maintenance of these 
xerophytic relics, whereas the process of plantation tends toward the 
elimination of bog-plant habitats. 


PROCEDURE—Three ridges were selected for the present investigation. 
In the case of series AB and series C, the ridges present north and 
south slopes, the crest of the ridge being about one hundred feet above 
the base. Series D represents a continuation of C to the northward, but 
runs up onto ridge D lengthwise. The symbols A, B, C, D, correspond 
to the atmometer stations. Cain and Friesner (4). Station A was on 
the north slope and Station B was on the top of the ridge here indicated 
as AB. Atmometer Station C was on the top of the ridge where the pH 
series C was located. Series D was an extension of line C in the direction 
of Station D, but was not actually to its location. The direction of the 
line for each series was selected and then run out by the use of a sur- 
veyor’s tape and an Abney clinometer. Notes were kept of the angles 
and the length of each slope, so that it was an easy matter to indicate 


the location of the samples and plot the topography of the ridges in 
the graphs. 
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Soil samples of about two hundred grams each were collected in 
paper bags. Those samples indicated as surface soil were taken imme- 
diately beneath the litter in the soil layer of highest organic content. 
Subsoil samples were taken at a depth of approximately six inches, 
which was sufficient to pass the humus layer in all cases. In series AB, 
samples 30 and 32 were taken at three inches depth, which was the 
bottom of the soil due to the sandstone outcropping. As indicated in 
the tables, these samples were in pairs, surface and subsoils taken in a 
vertical line. j 

The hydrogen-ion concentration of these samples was determined 
electrometrically by the use of the Youden portable apparatus de- 
veloped at the Boyce Thompson Institute, 1928. All readings were 
completed within a few days after collecting. The samples were pro- 
cured on November 10 and November 16. Gustafson (9) has shown 
that soil samples do not undergo any appreciable change on storage. 
Three or more separate readings were made from each sample collected. 
The present data include about 250 readings for the establishment of 
three curves. 


RESULTS AND Discuss1on—From an examination of the tables and 
curves for the three series of pH readings, it will be seen that there is 
a general tendency for the subsoil to be more acid than the surface soil. 
Of the forty-one sets of surface and subsoil samples, only seven showed 
the surface to be more acid than the subsoil. These seven instances 
were: 


Sample No. Surface Soil pH Subsoil pH 
Teo) Sh Bsn Seen ee 4.756 4.926 
i ee 4.196 4.569 

iy SA eee 5.286 5.789 

(6. SP. ie ae 5.891 6.474 

Be) by ine ea res eae 4.903 5.596 

ie gees sak es 5.027 5.136 

Li ee pe bees Due be 5.636 


It will be seen that these samples are among the more acid. On re- 
ferring them to their topographical positions, one finds that these sam- 
ples were taken on the ridge tops except for AB 13 and C 9, which were 
on lower slopes. These surface soils contain very little organic matter, 
the humus having been greatly reduced, apparently by fire. The dif- 
ferences in pH between the surface and the subsoils in some cases are 
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of about the same order as the differences between different tests of the 
same sample, but in most cases there is a much greater difference be- 
tween the averages for surface and subsoil than between different tests 
of the same sample. It should be noted that the former occur mainly 
in samples which are of the more acid type for this region. 

In view of these results, it must be concluded that the stratification 
of soil reaction in this region results in a gradient reaching a maximum 
pH in the subsoil. This result is directly opposed to part of the con- 
clusion reached by Salisbury (11), which he states as follows: “The 
organic content decreases rapidly with increasing depth, associated 
with which, and in some cases with increasing base content, there is a 
gradient of hydrogen-ion concentration attaining its maximum at the 
surface.’ In some previous work, Cain (2), the type of gradient ob- 
served by Salisbury was found to exist for lowland forest soils and 
probably will be found in some upland soils of this region when a more 
extensive study is made. A number of soil reaction profiles and transects 
of high ridges and mountains in the Great Smoky mountains of Ten- 
nessee indicate gradients entirely in harmony with Salisbury’s observa- 
tions, where, despite a naturally acid subsoil, the surface soils reach 
extreme hydrogen-ion concentrations as a result of upland peat forma- 
tion, Cain (5). 

The conclusion reached by Salisbury is an entirely reasonable one. 
The inversion of the gradient in the soils of the Sycamore Creek region 
is probably explained by the following facts. The vegetation of these 
ridges has been greatly disturbed by cutting and fires, resulting in a 
reduction of the organic content of the surface soils. Second, the under- 
lying sandstone and shale rocks, upon decomposition, produce an inor- 
ganic acid soil. Christopherson (6) and others have noticed that the 
composition of the parent rock influences the hydrogen-ion concentra- 
tion of the soils, granites and amphibolites producing soils of high acid- 
ity, while schists produce soils near the neutral point. 

The Wisconsin ice sheet covered that part of Morgan county here 
under study. The hills are topped with a heavy clay known as the 
Miami Clay Loam, which is probably of this glacial origin, though in 
many places it is very difficult to be certain that it is not residual soil 
from the underlying sandstone (knobstone) and shale. This clay varies 
from zero to several feet in thickness. Where the clay is absent, such as 
on the slopes, the soil is very shallow and is clearly the residual product 


of underlying sandy shale which in turn seems to be but local shale- 
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impurities of the knobstone. 


Reaction studies of these soils seem to 
indicate no correlation between soil reaction and relative amounts of 
sand, shale and clay in any particular soil sample. 


TABLE I—pH OF SOIL SAMPLES, RIDGE TRANSECT AB, 


SURFACE SOIL 


No. 
la 
1b 
1c 


5a 
5b 
5c 


9a 
9b 
9c 


13a 
13b 
13c 


17a 
17b 
17c 


21a 
21b 
Z2k¢ 


25a 
25b 
25c 


29a 
29b 
29c 


33a 
33b 
33c 


37a 
37b 
37c 


pH 
4.796 
4.779 
4.694 


4,983 
4.813 
4.762 


4.507 
4.711 
4.507 


5.170 
CMe? 
5.415 


7.285 
7.666 
7.717 


6.469 
6.741 
6.469 


eae 
5.119 
E255 


5.857 
5.925 
5.789 


6.452 
6.452 
6.554 


6.435 
6.707 
6.826 


Aver. 


4.756 


4.853 


4.575 


5.286 


7.566 


6.560 


Gents 


5.857 


6.486 


6.323 


No. 
2a 
2b 
2c 


6a 
6b 
6c 


10a 
10b 
10c 


14a 
14b 
14c 


18a 
18b 
18c 


22a 
22b 
22C 


26a 
26b 
26c 


30a 
30b 
30c 


34a 
34b 
34c 


38a 
38b 
38c 


SYCAMORE CREEK 


SUBSOIL 
pH 
4.893 
4.949 
4.847 


4.592 
4.558 
4.575 


4.439 
4.405 
4.483 


5.704 
5.925 
5.738 


7.530 
7.598 
7.455 


5.085 
4.830 
4.949 


4.745 
4.762 
4.813 


5.153 
5.017 
5.119 


4.609 
4.643 
4,711 


5.670 
5.318 
5.289 


Aver. 


4.926 


4.575 


4.442 


5.789 


7.528 


4.955 


4.773 


5.096 


4.654 


5.447 
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SURFACE SOIL 


No. 
3a 
3b 
3c 


pH 
5.398 
5.483 
5.255 


4.235 
4.320 
4.033 


5.034 
4.813 
5.306 


6.180 
6.367 
6.588 


7.530 
7.770 
7.770 


6.367 
6.299 
6.435 


4.898 
4.983 
4.983 


5.636 
5.676 
5.636 


6.333 
6.486 
6.486 


6.486 
6.588 
6.180 


Aver. 


5.379 


4.196 


5,051 


6.378 


7.690 


6.367 


4.955 


5.647 


No. 
4a 
4b 
4c 


8a 
8b 
8c 


12a 
12b 
12c 


16a 
16b 
16c 


20a 
20b 
20c 


24a 
24b 
24c 


28a 
28b 
28c 


32a 
32b 
32c 


36a 
36b 
36c 


40a 
40b 
40c 


SUBSOIL 
pH 
5.000 
4.915 
4.898 


4,541 
4.541 
4.626 


4.694 
4.626 
4.660 


6.486 
6.486 
6.095 


7.506 
7.353 
7.438 


5.755 
5.670 
5.738 


4.728 
4.864 
4.966 


5.069 
5.085 
5.068 


5.102 
5.051 
5.000 


5.187 
5.238 
e250 


Aver. 


4.938 


4.569 


4.660 


6.356 


7.432 


lea 


4.853 


5.074 


5.051 


5.227 


EA rH a ‘¢. i | L H can 
seerarrs Hy A sO H 1 am 
rr “4 rT L] 4 } HH 
EHH a +H mi oaeen et 
HEEL eT EE EEE 
oe HH y | 1] tt Hy wl eae t 
pam C ane 
aenaege ae 
ai a 4-H It 
+-|-4+-+-4 + +} (4 | | 44 + ECE] +} Bi 
a! eae | a 
Secenatauncuneen 
HEE iH ‘| H 
a HE sees 


Figure 1. The relation of hydrogen-ion concentration to topography 
Series AB, C, D 
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TABLE II—pH OF SOIL SAMPLES, RIDGE TRANSECT C, 
SYCAMORE CREEK 


SURFACE SOIL SUBSOIL SURFACE SOIL SUBSOIL 
No. pH Aver. No. pH Aver. No. pH Aver, No. pH Aver. 
TEN SEW 22 05,4170 3a 4,983 4a 4.949 
lb 5.721 5.743 Z2De 5.187575 .204 She 5/0855 5.218 4b 4.966 4.972 
Le 5.738 2Cr 5.255 SCM SS) 4c 5,000 
5a 5.432 6a 4.864 7a 5.381 8a 4.949 
5b 5.398 5.485 6b 4.762 4.830 7b 5.364 5.495 8b 5.136 5.113 
Sees 34 6c 4.864 7c 5.466 8c 5.255 

. 705.772 
9a 5.602 10a 6.537 lla 6.945 12a 6.520 
9b 5.959 5.891 10b 6.537 6.474 11b 6.401 6.764 12b 6.520 6.560 
Cer GA1Z 10c 6.350 lle 6.945 12c 6.639 
13a 6.707 14a 6.265 le) TeRGidd l6a 6.588 
13b 7.030 6.888 14b 6.265 6.146 15b 6.826 6.718 16b 6.656 6.599 
ie °6:928 14c 5.908 15C—. 0.458 l6c 6.554 
UE Sey oii 18a 5415 19a 6.435 20a 5.974 
ibe) 5.749 18b 5.449 5.432 19b 6.367 6.401 20b 5.636 5.778 
Viet so fle 1Sce S:AS2 19c 6.401 20c 5.832 : 
Clam 6571 22a 5.942 23a 6.637 24a 6.214 
Zibb. 6775 6.107 22b 5.806 5.840 23b 7.047 6.911 24b 6.248 6.288 
21c 6.775 2262 Dal tz Z3Cu 7,013 24c 6-410 
25a 7.183 26a 7.047 
25D, 4370 7.308 26b 6.860 6.951 


Z256-47'.310 26c 6.945 


TABLE III—pH OF SOIL SAMPLES, RIDGE TRANSECT_D, 
SYCAMORE CREEK 


SURFACE SOIL SUBSOIL SURFACE SOIL SUBSOIL 

No. pH Aver. No. pH Aver. No. pH Aver. No. pH Aver. 
125 25.670 2a 4.864 3a 7.564 4a 6,282 

1b 5.449 5.551 2b 4.422 4.626 Bo 80 1 105350 4b 6.044 6.203 
Vee 52534 2c 4.592 3c 7.666 ‘ 4c 6.282 

Sa 6.911 6a 5.344 ja, SAS 8a 4.864 

5b 6.350 6.639 6b 5.000 5.115 7b 5.221 5.314 8b 4.864 4.869 
5c 6.656 6c 5.000 7c 5.306 8c 4.881 

9a 4.830 10a 4.881 lla 4.966 12a 5.653 

9b 4.966 4,920 10b 4.830 4.852 1lb 4.915 4.903 12b 5.806 5.596 
9c 4.966 10c 4.874 lle 4.830 12c 5,330 

isa, 5.221 144, 5136 15a 5.068 16a 5.704 

13b 5.204 5.027 14 65.272 5.136 ISb. 5.330 5.212 16b 5.806 5.636 
13c 4.864 14c 5.000 1$c 5.238 l6c 5,398 

13d 4.847 
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The soils of the Sycamore Creek region, from these observations, are 
found to range from pH 4.0 in series AB, sample 7, to pH 7.77 in sam- 
ple 19 of that same series. By far the majority of the samples are acid 
in reaction. The most acid soils are characteristic of the ridge tops and 
upper slopes, while the soils of the bottoms are much less acid, many 
of them, in fact, being circumneutral. It can be seen from plotting the 
pH with the contour of the ridges that there is a general agreement of 
the three curves; that is, the line of the topography and the curves of 
the surface soil pH and the subsoil pH, plotted in continuous lines as 
they were collected, show conformity (Figure 1). 

As has previously been mentioned, Salisbury noticed that “woodlands 
occupying valley slopes tend to exhibit less marked surface leaching as 
we descend, and the chief differences between upland and lowland 
woods are regarded as related to this factor.” The present work is in 
complete agreement with that conclusion in so far as it expresses the 
relation of hydrogen-ion concentration to topography. There is suffi- 
cient evidence of the effect of more extensive leaching out of bases on 
the ridge tops and upper slopes. However, it is not believed that the 
conclusion is warranted that this difference in soil reaction constitutes 
the chief cause of the differences between upland and lowland vegeta- 
tion. It must be remembered that, although soil reaction is an impor- 
tant tactor, there are other factors, edaphic and climatic, contributing 
to the upland-lowland differences in vegetation. For example, differ- 
ences in soil moisture and the physical and chemical nature of the soil 
(other than pH) are frequently important. Then there are the atmos- 
pheric factors summed up in the evaporating power of the air. Fuller 
(8) has shown that the differences in ratios between evaporation and 
growth-water in various plant associations are sufficient to be efficient 
factors in causing succession. Further, it must be noted that consider- 
able fluctuations occur within different vegetation types, so that soil 
reaction becomes a factor capable of interpretation only in cases of 
considerable differences in the respective pH ranges of related plant 
associations. It is not desired, then, to deny soil reaction as a factor, 
but merely to emphasize the following points: (a) soil reaction alone is 
probably not often a limiting factor; (b) it is possible to determine 
soil reaction to a much finer degree than it can be interpreted in terms 
of vegetation. Therefore, the pH of plant associations should be ex- 
pressed in terms of comparative ranges and averages of reaction. This 
is particularly desirable in view of local variations which occur in the 
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soil reaction. Christopherson (6) comments on this point as follows: 
“Variation in the soil reaction may take place from one locality to an- 
other within short distances. The soil of one particular stand may thus 
vary considerably from place to place, and the soil of different stands 
of the same association may vary still more. In spite of this, however, 
the associations may be limited to a relatively narrow range of soil 
reactions, which are characteristic for each association.” 


TABLE IV—COMPARISON OF SOILS FROM RIDGES 


AB, C AND D 
Serres AB 
SURFACE SOIL SUBSOIL 
PAG TES fa) 9 pie eee eee ply 5,583 (U5: tests) «Ridge top s22fi25:~ pH 5.023 15 tests 
Pisperisiope =... pH 4.979 15 tests Upper slope .............. pH 4.746 15 tests 
Lower slope -............- pH 5.880 18 tests Lower slope .............. pH 5.264 18 tests 
ESO CE OTN A oe. eer erate se pHi6.096 417 tests. (Bottom 252.0. pH 6.408 12 tests 
SERIES C 
HidrertOp, ¢-t22.7as 5 plis5-473 =O testsi ) Ridge top). -A4 pH 5.002 9 tests 
Wpper slope 22.5.2: PH.5.022, S77 tesise. Upper slope......<.:..: pH 5.272 6 tests 
Lower. slope ..-..:-:.-.-- pH 6.146 6 tests Lower slope .............. pH 6.126. 6 tests 
ey ECON ex seers pPH.6:882. “1S; tests “Bottom, 22.222... pH 6.347 18 tests 
SertIes D 
Erte EON te) oe eae ee pH 5.044 10 tests Ridge top. ................-- pH 5.589 9 tests 
ipper slope. -..-.:--<-:: DH 5.624" 9-tests 7S Upper islope®4...4.2225 pH 5.945 9 tests 
Mower! slope 2.--:4s PH 6.545.- 6 tests) Lower slope 22202: pH 5.414 6 tests 
Oi same as C Bottoil «te see same as C 
AVERAGES 
BRIAR COP: crecseencecnnaske. WHess0om s4utests  RIdge LOD. 22 enna pH 5.122 33 tests 
aipper slope .....-_..-- pH 5.408 31 tests Upper slope .............. pH 4.988 30 tests 
Lower slope ......-...---- pH 6.190 30 tests Lower slope .............. pH 5.601 30 tests 
PO UOUI eet ces. pH 6.939 30 tests Bottom -2....-2.-...:..-- pH 6.377 30 tests 
125 123 


Table IV sums up the results of the relation of soil reaction to topog- 
raphy, while the relation of the reaction to the vegetation is found to 
be as follows: The ridge tops and upper slopes are the location of the 
_ xerophytic-acid-boreal relics. It can therefore be said that these colonies 
are to be found in the Sycamore Creek region where the soil reaction 


averages around pH 5.3 to 5.4 for the surface and pH 4.9 to 5.1 for 
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the subsoil. The relation of the various plant associations characteristic 
of the secondary succession in this region, to the soil reaction, is not 
fully investigated, but it would seem that all the stages are capable of 
development within the region. So, the climax beech-maple associa- 
tion is to be expected, even on the ridge tops. As a matter of fact, the 
ridge top in series D, although now open and occupied by Vaccinium 
and the like, bears remnants of a former climax forest. Two possible 
explanations occur for the presence of the ericads_as a characteristic 
part of the early stages in secondary succession after cut-over and fire. 
First, they get a start after deforestation from seeds brought in by 
migrating birds. This has been shown by Darwin, Wallace, and many 
since their time, to be a common means of wide distribution for plants 
with edible fruits. The other possibility is that some of these plants 
have survived in the less favorable habitats (where competition is less 
severe) since early postglacial times, and are to be considered then as 
true boreal relics. It would not seem possible to determine at the pres- 
ent time which is the true explanation. 

One or two facts remain to be pointed out as to differences in soil 
reactions. In the first place, the differences between the pH averages 
of the surface and the subsoil (Table IV) are greater at the bottom 
than they are at the top of the ridges; viz: 


Ridge top—Average difference............ 244 
Upper slope—Average difference........ 420 
Lower slope—Average difference........ 489 
Bottom—Average difference ................ 449 


TABLE V—SOIL REACTION DIFFERENCES, THREE TESTS 
PER SAMPLE, BASED ON 250 READINGS 


Surface soil—Greatest difference.......... .602 
Least difference _......... .040 

Average difference ......... 264 
Subsoil—Greatest difference.......... 442 

Least difference ............. O17 

Average difference .......... 236 

ph 4 Range—Average difference.......... .125 
pH 6-7 Range—Average difference.......... .288 
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Second, the tables reveal something of the amount of fluctuation to 
be expected in the soil reaction of different parts of the same locality. 
Table V brings out these points. The average deviation, based on three 
tests per sample, is .264 for the surface soils and slightly less, .236, for 
the subsoils. It will also be seen that the more acid the soil the less 
the fluctuations are likely to be, since the soils within the range of pH 4 
show an average deviation of .125, while the circumneutral soils show 
a deviation of .288 in pH. 


SUMMARY 


1. Floristic studies of the ridges of the Sycamore Creek region reveal 
the presence of a number of acid-tolerant plants which make up xero- 
phytic-acid-boreal relic colonies. 

2. Soil reaction studies indicate that the soils in which these plants 
grow are decidedly acid, reaching a maximum on the ridge tops where 
the relic colonies are more abundant. 

3. Hydrogen-ion curves parallel profile curves of the ridges, the 
former ascending with the latter. 

4. The subsoil is more acid than the surface soil in most places, 
though a few samples were taken in which the reverse was true. 
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THE GENUS TRILLIUM IN INDIANA 
By Ray C. FRIESNER 


The fact that members of the genus Trillium are quite variable is 
well borne out when one notes the number of reports of variations and 
teratological conditions in the literature. Such conditions make it 
important that more detailed critical study be made of members of 
the genus from the standpoint of their distribution and variation in 
smaller areas. Studies of the species occurring in wider areas were 
made by Gleason (19) and Gates (18). More detailed study of par- 
ticular species in more restricted areas is of considerable value in adding 
light to the problem of species relationship and delimitation. Such a 
study was made for North and South Carolina by Peattie (26). The 
present paper is a similar attempt for the State of Indiana. 

The following species, varieties, and forms occur in Indiana: 


a sessile LL. (1)- 

. sessile forma luteum Peattie (la). 

. recurvatum Beck. (2). 

. recurvatum forma luteum n. f. (2a). 

erectum L.* (3). 

erectum var. album (Michx.) Pursh.* (3a). 
grandiflorum (Michx.) Salisb. (4). 

cernuum L. (5). 

cernuum var. macranthum Eames and Wiegand (5a). 
. declinatum (Gray) Gleason.* (6). 

declinatum forma Walpolei (Farwell) n. comb.* (6a). 
. nivale Riddell (7). 


NASR ASS HANA 


KEY TO TRILLIUMS OF INDIANA 


aA Oe LL ea toa a tae ee ened aca tare cate ences caren Aare nen taee Zz 
© LUV os Lab STSL6 CO ol (ofa Mer ee nee Po meer me eco ir Te 5 
Pee beavesicessilespetals- not) clawed 2...2:..20-.008i 2 aaa 3 
2. Leaves petioled, petals clawed..........2......2.:----11:---s2se--+-eeeee 4 


*It will be shown further on in this paper that T. erectum and T. declinatum. 


should be considered as one species. 
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3... Petals: red-brown. 2:20 222 sree nae seee eee tea meee sare sessile (1) 


3. Petals *greenish-yellow.. 2222.2 eae sessile luteum (la) 

AwsPetalstred-Dro wi 2. sereertee ee ee recurvatum (2) 

4, Petals yellow to yellowish-green........ recurvatum luteum (2a) 

5. Leaves sessile or subsessile, ovary six-angled.....................-----.------- 6 

5. Leaves petioled, ovary three-angled......................-..--------- nivale (7) 

6. Petals oblancéolatée-te obavate sea: o seater cae ereeee seen eee fA 

6. Petals lancéolate to °ovate::...---.-fee-cnneaee se aera 8 

7. Petals large, 20-50 mm at widest part...................- grandiflorum (4) 

7. Petals small, 10-17 mm at widest part...cernuum macranthum (5a) 

8. Fresh flowers emitting marked “wet-dog” odor...................- 9 

8.° Frésh flowers not emitting Such odor... eee 10 

02 Petals Ted-browii ee eee eee AL erectum (3) 

0 Petals wisite seer. mien wre ut has. Sere eee de. erectum album (3a) 

10. Filaments 0.1-0.5 the length of anthers................-......- Laden 

10. Filaments 0.6-1.2 the lengths of anthers..............---..----4-..2. 12 

Lip Petals vy nite: 22. et Deh ee see ee ee declinatum (6) 
11. Petals red-brown or intermediate............ declinatum Walpolei (6a) 
12.1 Petals widest below, the: middlecs.seccm ae cernuum (5) 


12. Petals widest at or above middle.cernuum macranthum (5a) 


IeleISESSTE RAG 


This species apparently occurs throughout the entire state. It has been 
. reported in published lists (4, 9, 14, 29, 30) from twenty-two counties, 
and specimens in herbaria show it from thirty-three additional counties, 
making a total of fifty-five out of the ninety-eight counties. These 
counties are so well scattered over the state that there is little doubt 
that it occurs in every county. The species is subject to considerable 
teratological variation, Morris (24, 25); Hopkins (22); and Andrews 
(1, 2, 3). A petioled form was noted in the collection from Wabash 
College and completely pentamerous forms are in the herbaria of In- 
diana University and Butler University. 


la. T. SESSILE L. FORMA LUTEUM PEATTIE. 
T. SESSILE VIRIDIFLORUM BEYER. 


This is a form of T. sessile with green or greenish-yellow petals. 
There is no previous published record for the state. A very limited 
distribution is shown in the herbaria, but this is very likely due merely 
to the fact that collectors have failed to take it when in reality it is 
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practically coexistent with the red-brown forms. This form should not 
be confused with T. viride Beck. which is a southern species which does 
not come into the state. The latter is like T. sessile in that it has sessile 
leaves, like T. recurvatum in that its petals (green) are clawed, but 
unlike both of them in that the stem is pubescent. The form luteum is 
similar to the species except for the green color of its petals. Occa- 
sional intermediates are found with petals streaked with red-brown, 
Beyer (5). 

Beyer (5) has given the name, T. sessile forma viridiflorum, to speci- 
mens of the same character from West Virginia. His specimens have 
not been examined, but it is inferred from his description that the form 
is similar to that above named by Peattie (26). Since Peattie’s paper 
antedated by four months the paper by Beyer, Beyer’s name is con- 
sidered a synonym of the name given by Peattie. 


2. T. RECURVATUM BEcK. 


This species probably occurs in every county within the state. It is 
reported in published lists (7, 9, 14, 23, 29, 30) from twenty-five coun- — 
ties, and specimens in herbaria show it from forty-six additional coun- 
ties. Distribution of this species in the state is practically identical 
with that of T. sessile, but it probably does not extend across the Appa- 
lachians to the seaboard states as does JT. sessile. It is probable that 
this species represents the present-day end of a line of development 
going back to a “sessile-ancestor.”” Along this same line of develop- 
ment it is likely that the southern form, T. viride Beck., stands in an 
intermediate position. All three of these species have sessile flowers; 
T. sessile and T. viride have sessile leaves, and T. recurvatum has 
petioled leaves; while T. recurvatum and T. viride have clawed petals, 
and T. sessile has sessile petals. The northern limits of T. viride slightly 
overlap the southern limits of T. recurvatum, while T. sessile occurs 
throughout the range of both. This species is also subject to consid- 
erable teratological variation, Andrews (3). 


2a. T. RECURVATUM FORMA LUTEUM N. F. 


This form is based upon specimens collected near Bloomington, In- 

diana, and now in the herbaria of Indiana University and Butler Uni- 

versity. The first specimens were collected by Dr. VanHook, of Indiana 

University, and later the writer visited the same locality and collected 

“specimens which were deposited in the herbarium of Butler University. 
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The form differs from the species only in that the petals are lemon- 
yellow to greenish-yellow, instead of the usual red-brown. This form 
should not be confused with pathologic specimens of the species which 
have lost their normal red-brown color. 


3. T. ERECTUM L. 


This species, as defined in the manuals, does not seem to have a very 
wide distribution within the state. It is listed in published reports (8, 
9, 12, 15) for twenty-three counties and herbarium specimens were 
found for five additional counties. There is good reason to believe that 
a number of the reports of 7. erectum should be assigned to the 7. dec- 
linatum as defined in the manuals. The majority of the specimens 
labelled T. erectum in the herbaria of the state are the white-petalled 
form. 

It is extremely difficult to distinguish T. erectum from T. declinatum 
as they are defined in the manuals, and it is maintained by the writer 
that the two are but one species. It is shown in a subsequent para- 
graph that the only difference used by the authors for differentiating 
the two, to which there is no exception on the basis of Indiana speci- 
mens, is the odor which they emit when fresh. 


3a. T. ERECTUM VAR. ALBUM (MiIcHx.) PursH. 


This variety is not mentioned as such in any previous published re- 
port for the state, though it is probably more common than the species. 
Gates (18) says that this variety “occurs sporadically and occasionally 
throughout the range of the species.’”’ The Indiana material of the 
species certainly belongs primarily to the variety, though the petals 
are pure white and do not show the yellowish-white of the eastern speci- 
mens of the variety. Since the odor of the fresh flowers is the only 
reliable method of distinguishing this form from T. declinatum, there is 
doubt whether any of the specimens to be found in the herbaria and 
labelled 7. erectum are really T. erectum or whether they are T. dec- 
linatum, as defined in the manuals. 


4. T. GRANDIFLORUM (MIcHx.) SALISB. 


This species does not seem to be so widespread in the state as is the 
case of previous species. It is most abundant in the northern counties 


and especially in the boggy soils of the lake region, where it forms 
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fields of many acres, affording a beautiful sight to behold. It is men- 
tioned in published lists from but six counties (9, 14, 23). Specimens 
in herbaria add seventeen counties to this list. Farwell (16) has named 
a rose-petalled form, but this seems unjustified on the basis of Indiana 
specimens because the rose color is the product of age in many of the 
white-petalled individuals. It is true that some individuals seem to be 
rose-colored from the beginning. Gates (18) has described T. grandi- 
florum var. trans. parum from stations bordering Indiana, viz., Cook 
county, Illinois; Alma, Michigan, and Mountville, Ohio; but the form 
does not seem to have been recognized for any Indiana stations, even 
though the specimens recorded or in herbaria have been taken mainly 
from territory bordered by these extrastate stations. 


e- [.-CERNUUM L. 


This species is not common in the state. Published reports (9, 14) 
list it from ten counties and one additional county is represented by 
herbarium specimens. 


Sa. T. CERNUUM VAR. MACRATHUM EAMES AND WIEGAND. 


_ This variety, described by Eames and Wiegand (13) from New York, 

has been reported by Deam (11) from Laporte county. It differs from 
the species in that its petals are broader and of the oblong-oval or 
obovate type, while those of the species are of the ovate or lanceolate 
tvpe; and its anthers are longer than those of the species. - 


6. T. DECLINATUM (GRAY) GLEASON. 


Published records (14, 17, 23) list but three counties for this species. 
Specimens examined from herbaria add twenty-nine counties to this list. 
Examination of several hundred specimens from all parts of the state 
make it clear that relative length of stigmas and stamens is a character 
so variable as to be of no value in differentiating T. declinatum from 
T. erectum var. album. Stigmas vary all the way from 0.5 to 1.5 the 
length of the stamens. This variation occurs within specimens taken 
from the same small area, so that there can be no doubt that specimens 
all belong to the same species. Relative length of filament and anther 
has also been used to differentiate the two species, but very careful 
micrometer measurements of several hundred specimens of T. declina- 
tum and T. erectum indicate that there is no reliable distinction be- 
tween the two in this regard. 
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The only character which will serve to distinguish all specimens of 
T. declinatum is the absence of the “wet-dog” odor which is emitted 
by fresh specimens of 7’. erectum. 


6a. T. DECLINATUM FORMA WALPOLEI (FARWELL) N. COMB. 


Farwell (16) has described a form of T. declinatum with petals, and 
eften with filaments and anthers, red-brown. He considered this to be 
T. cernuum var. declinatum forma Walpolei. The-writer (17) described 
this form from Washington county, Indiana, in 1924, without naming it 
except to consider it a variation of 7. declinatum and without knowl- 
edge that Farwell had previously named it. Specimens have since been 
found in large numbers on the Jose-Dale Estates, Marion county, In- 
diana. In these specimens all gradations of color can be found, from 
the deep red-brown to pure white, and pistil length varies all the way 
from much shorter to much longer than the stamens. Filaments are in 
all cases very short, averaging about 25 per cent. of the length of the 
anthers. Specimens are also to be found in the Deam Herbarium from 
Huntington, Wells and Harrison counties; and in the Butler University 
Herbarium from Johnson, Bartholomew, Jennings and Steuben counties. 


7. T. NIVALE RIDDELL. 


This species has been reported (4, 9, 10, 14) in published records 
from five counties, and specimens in herbaria add seven counties to 
this list. The species must be considered infrequent in Indiana. 


SPECIES DELIMITATION—T. ERECTUM AND 
T. DECLINATUM 


In 1906 Gleason (19) differentiated T. declinatum as a separate 
species from 7. erectum. The characters used by Gleason and later 
authors for this differentiation are shown in Table I. Careful study 
of T. declinatum and T. declinatum Walpolei as they occur in Indiana 
shows clearly that of all the characters listed by the authors for both 
T. declinatum and T. erectum there is but a single one, viz., the odor, 
which is not exhibited by T. declinatum and its form Walpolei. 
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TABLE I. 


CHARACTERS USED FOR DIFFERENTIATING 


T. ERECTUM AND T. DECLINATUM 


Author 
Gray’s Manual (27) 


Britton and Brown (6) 


Gleason (19) 


Gleason (20) 


T. erectum 
Stigma shorter than stamens 


Filament 7 the length of 
anthers 
Ovary purple 


Ovary purple or black 


Petals white to dark purple 

Peduncle erect, declined, or 
rarely nodding 

Filaments 50 to 80 per cent. 
as long as anthers 


Stigma shorter than stamens 


T. declinatum 
Stigma longer than stamens 


Filament not over % length 
of anthers 
Ovary white 


Ovary white or with a tinge 
of pink 

Petals white or rarely pink 

Peduncle nodding or hori- 
zontal 

Filaments 30 to 50 per cent. 
as long as anthers 


Stigma equalling or longer 


than stamens 


Stigmas equalling or longer 
than stamens 

Ovary white 

Not ill-scented 


Small (28) Stigmas equalling or shorter 


than stamens 
Ovary purple 
Til-scented 


Color of ovary, used by Gleason (19) and Small (28), is of no value 
as a differentiating character. The ovary of 7. erectum is always deep 
red-brown, but white-petalled forms of 7. declinatum in Indiana often 
show deep red-brown ovaries, and the ovary of T. declinatum Wal- 
polei is as often red-brown as it is white or pinkish. 

Color of petals does not become a differentiating character, since in 
both species white and colored petals are permitted by the descriptions 
used by various authors. In a similar manner the character of the 
peduncle is admitted to be so variable as to be of no value for differen- 
tiating purposes. 

Ratio of filament length to anther length is used by Gleason (19) and 
Britton and Brown (6). This character is of no value for diagnostic pur- 
poses. Table II shows that the ratio between filament and anther length 
increases in the following order: 7. declinatum Walpolei (lowest), inter- 
mediates between 7. declinatum Walpolei and T. declinatum, T. decli- 
natum and T. erectum. The range of these ratios so overlap, with the 
minimum for each successive group well below the maximum for the 


preceding group, that the ratio of any individual specimen cannot be 
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relied upon as a diagnostic character. Specimens of either species are 
occasionally found with filaments fully 100 per cent. of the length of 
the anthers. 

Relative length of stigma and stamen is used by Robinson and Fer- 
nald (27), Gleason (20) and Small (28) for differentiating the two 
species. This character is of no value for diagnostic purposes, because 
specimens of both T. declinatum and T. erectum and their varieties or 
forms show stigmas varying all the way from much shorter to much 
longer than the stamens. 

The offensive odor suggestive of a “wet dog,” which is present in T. 
erectum and absent in 7. declinatum, is the only character which will 
separate these forms. But such a character, detectable only in fresh 
specimens, and being purely a physiological character, is certainly a 
poor one upon which to base a species difference. The conclusion is 
forced upon the student of Indiana Trilliums that T. erectum and its 
varieties and forms and 7. declinatum and its varieties and forms are 
not sufficiently different to be considered different species. They should 
be looked upon as one species with a number of biotype differences, 
appearing throughout the northeastern and eastern range with an ill- 
scented odor, and usually red-brown flowers, and in the north central 
states usually without the odor and with petals more often white, but 
in some localities also red-brown. 

I would, therefore, recombine T. erectum and T. declinatum as one 
species and conclude that Gleason’s separation of them into two species 
is unwarranted in so far as Indiana specimens are concerned. 


TABLE II. FILAMENT AND ANTHER MEASUREMENTS OF 
T. DECLINATUM AND T. ERECTUM 


FILAMENT ANTHER RATIO 
Min. Av. Max. Range Min. Av. Max. Range Min. Av. Max. I 
0.66% ! 


Walpolei .......... OS/0G 7S) 2016)" 1.46 8.30 9.95 11.33. 3.03 0.08 0.17 0.22 
Intermediate....2.11 2.39 2.68 0.57. 10.76 11.48 12.60 1.84 0.19 0.209 0.25 


0.72*! 
Declinatum......1.20 3.06 4.60 3.40 7.66 11.48 13.98 6.32 0.12 0.259 0.33 
0.75*! 
Hrectume 2. 3.01 4.16 4.98 1.97 Cele) ESR ole Zyl 0.35 0.485 0.59 | 


*These figures represent an occasional extreme. 
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DISTRIBUTION OF SPECIES BY COUNTIES 


ies. SESSILE, 


Previously reported: Posey, Gibson, Knox, Daviess, Vigo, Tippe- 
canoe, Steuben, Noble, Jay, Delaware, Randolph, Wayne, Fayette, De- 
catur, Franklin, Dearborn, Jefferson, Clark (9), Putnam (9) (14), 
White (21), Jasper (29, 30), Monroe (4). Additional reports: Vermil- 
lion, Newton, Clay, Parke, Montgomery, Brown, Morgan, Johnson, 
Boone, Clinton, Carroll, Cass, St. Joseph, Elkhart, Marshall, Howard, 
Hamilton, Wabash, Harrison, Washington, Grant, Madison, Scott, Jen- 
nings, Ripley, Switzerland, Ohio, Henry, Blackford, Wells, Adams, 
Allen, Dekalb. 


2. T. RECURVATUM. 


Previously reported: Posey, Gibson, Knox, Daviess, Vigo, Tippe- 
canoe, Cass, Hamilton, Marion, Steuben, Noble, Jay, Delaware, Wayne, 
Randolph, Fayette, Decatur, Franklin, Jefferson, Clark (9), Monroe 
(4, 9), Putnam (9, 14), White (29), Jasper (29, 30), Porter (23), 
Eagle Lake (7). Additional reports: Lake, Newton, Warren, Vermil- 
lion, Fountain, Parke, Clay, Sullivan, Vanderburg, Warrick, Laporte, 
Carroll, Clinton, Montgomery, Boone, Owen, Greene, Martin, Dubois, 
Perry, Crawford, Orange, Lawrence, Morgan, St. Joseph, Marshall, 
Miami, Howard, Tipton, Johnson, Bartholomew, Harrison, Floyd, Scott, 
Elkhart, Kosciusko, Wabash, Huntington, Grant, Madison, Hancock, 
Henry, Rush, Jennings, Blackford, Wells. 


2a. T. RECURVATUM FORMA LUTEUM. 


Monroe. 


-3. T. ERECTUM. 


Posey, Gibson, Knox, Daviess, Vigo, Putnam, Tippecanoe, Hamilton, 
Steuben, Noble, Jay, Delaware, Randolph, Wayne, Fayette, Decatur, 
Franklin, Dearborn, Jefferson, Clark (9), Monroe (8), Marion (12), 
“Marshall (15). New reports: Harrison, Hancock, Dekalb, Allen, ot: 


Joseph. 


3a. T. ERECTUM ALBUM. 


_ Dekalb, Allen, Hancock, Jefferson, Clark, Floyd, Harrison, Gibson. 
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4, T. GRANDIFLORUM. 


Previously reported: Posey, Gibson, Noble, Steuben (9), Putnam 
(14), Porter (23). New reports: Greene, Harrison, Parke, Fountain, 
Laporte, St. Joseph, Elkhart, Lagrange, Kosciusko, Whitley, Allen, 
Wabash, Wells, Randolph, Union, Dekalb, Marshall. 


5. T. CERNUUM. 


Previously reported: Vigo, Marion, Delaware, Jefferson, Franklin, 
Wayne, Randolph, Jay, Steuben (9),.Putnam (9, 14). New report: 
Scott. 


5a. T. CERNUUM MACRANTHUM. 


Previously reported: Laporte (11). 


6. T. DECLINATUM. 


Previously reported: Putnam (14), Porter (23), Washington (17). 
New reports: Newton, Posey, Carroll, Tippecanoe, Clinton, Boone, 
Montgomery, Parke, Clay, Owen, Morgan, Monroe, Lawrence, Craw- 
ford, Perry, Harrison, Floyd, Jackson, Brown, Bartholomew, Jennings, 
Johnson, Decatur, Ripley, Dearborn, Ohio, Jefferson, Marion, Hancock, 
Pulaski, Marshall, Grant, Huntington, Wells. 


6a. T. DECLINATUM WALPOLEI. 


Huntington, Harrison, Wells (Deam’s Herbarium), Marion, John- 
son, Bartholomew, Jennings, Washington, Butler University Herbarium. 


Fae LV AL Ele 


Previously reported: Tippecanoe (9, 10), Putnam (9, 14), Monroe 
(4, 9), Decatur (9), Clark (9). New reports: Warren, Parke, Mont- 
gomery, Owen, Marion, Lawrence, Harrison. 

New counties listed for above species are based upon herbarium speci- 
mens in one or more of the following herbaria, to whose directors I take 
this opportunity of expressing my appreciation for their kindness in 
permitting me to study their material on the genus: Indiana University, 
Wabash College, DePauw University, Deam’s Herbarium, and Uni- 
versity of Notre Dame. 
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SUMMARY 


Trillium sessile forma luteum and T. declinatum Walpolei are 


listed for the first time from Indiana. 


2. T. recurvatum forma luteum is described as a new form. 


Indiana specimens of T. erectum and T. declinatum are identical 


in every morphological character and are considered to be one species. 


4. T. declinatum, T. declinatum Walpolei and T. erectum album are 


considered to be biotype variations of T. erectum and not worthy of 
species differentiation. 


10. 
ie 
| 2. 
13. 
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LIFE-FORMS AND BIOLOGICAL SPECTRA OF THE 
FLORA OF BACON’S SWAMP, INDIANA 


By Avice PHILLIPS 


During the nineteenth and the first part of the twentieth century no 
detailed statistical studies of vegetation in relation to climate had been 
devised. The work relating to the two was broad, general and super- 
ficial. Climatic formations of the world had been described and classi- 
fied by plant geographers and early ecologists, as Schimper, Warming, 
Cowles and others. Work was done classifying regions as xerophytic, 
mesophytic or hydrophytic, but no methods had been published giving 
means of ascertaining in more detail the degree of xerophytism, meso- 
phytism or hydrophytism. In 1909, C. Raunkiaer, of Copenhagen, 
Denmark, published a paper on “Life-Forms and Statistical Methods.” 
This work concerned methods: which the author had devised to measure 
the total climatic influences on plants by means of the plants them- 
selves. It was an effort to apply quantitative methods to plants and 
to classify them as to life-form. The factor selected by Raunkiaer was 
the adaptation of plants to the critical season as indicated by the degree 
and nature of the protection afforded dormant perennating buds. Raun- 
_ kiaer, in addition to his theory, classified four hundred plants carefully 
selected from the entire world, fitting each into its proper life-form (as 
based on the protection of the perennating bud), and called the per- 
centages of the groups of growth forms a world normal biological spec- 
trum. Raunkiaer stated that a count of the different kinds of plants 
according to his classification would indicate the nature of the habitat 
and give a biological spectrum for it. 

The “life-form” method of Raunkiaer came into immediate use. In 
1913, W. G. Smith (6) published in the Journal of Ecology an article 
translating in part and discussing Raunkiaer’s life-forms and statistical 
methods. In 1915, Ove Paulsen (5), a Danish scientist, gave an account 
of his use of Raunkiaer’s method in comparing the vegetation of dif- 
ferent localities in the North American desert regions with that of the 
Asiatic steppes by means of biological spectra of each vegetation. He 
noted that, coincident with an increase of xerophytism, there was a 
definite trend in the change of the life-form percentages. In 1918, Fuller 
and Bakke (4) attempted to coincide biological spectra with the physi- 


-ognomy of vegetation. They state: 
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“Formation spectra have both biological and physiognomical signifi- 
cance; biologically they characterize the formations with the life-form 
which primarily dominates; they also characterize the formations with 
respect to the life-forms which determine the aspect of the physiognomy 
of the vegetation.” 

R. S. Adamson (1), in 1918, dealt with some extensive work which 
he had done in South Africa on Table Mountain. He used Raunkiaer’s 
method in indicating the relationship of plant communities, especially 
in regard to succession. He employed spectra of the life-forms to show 
similarities and differences in the various stages of succession from the 
xerophytic to the climax stages. 


THE VEGETATION OF BACON’S SWAMP 


The present investigation into life-forms~is in connection with the 
various vegetational associations at Bacon’s Swamp, Marion county, 
Indiana. Bacon’s Swamp is an extinct glacial lake, near the southern 
boundary of the late Wisconsin glaciation. It has been filled with peat 
deposited partly under bog and partly under swamp conditions. 

S. A. Cain (2) has dealt with the vegetational changes to which the 
swamp has gradually been subjected. He has divided these changes 
into two types of succession, a bog succession and a swamp succession 
(Figure 1). Of the former, there is but one stage remaining, a wet 
meadow occupying the center of the swamp. The substratum of the 
meadow is organic, being made up largely of the remains of Sphagnum 
and other bog plants. The peat is acid in its reaction. The meadow is 
now dominated by Calamagrostis canadensis.’ Associated with it are 
such species as Dulichium arundinaceum, Hypericum virginicum and 
Aspidium thelypteris. Among the plants which indicate the previous bog 
conditions are such relics as Sphagnum (in small amounts), Decodon 
verticillatus, Rosa palustris and Potentilla palustris. 

Of the swamp succession, there remain several stages. Carex im 
pressa is found immediately surrounding the wet meadow, growing in 
somewhat deeper water. In turn, it gives way to a growth of Typha 
latifolia. Typha is succeeded by a zone of buttonbush, occupying the 
region of deepest water, usually called the moat. The buttonbush zone 
is very well defined, although there are indications that lead to the 


"Nomenclature: Gray’s New Manual of Botany, 7th Ed. 
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Figure 1 


conclusion that the growth of Cephalanthus was at one time wider 
spread than at present. The next stage represented is just beyond the 
Cephalanthus and is dominated by Salix nigra. A lowland forest, con- 
taining principally Acer rubrum, Populus deltoides, Fraxinus profunda 
and Nyssa sylvatica, succeeds the black willow zone. This in turn pre- 
pares the way for an upland or beech-maple climax forest. There are 
places in the swamp where a fen growth prevails between the black 
willow zone and the lowland forest. This growth is probably a part of 
a secondary succession taking place at points where the vegetation of 
the primary succession was destroyed. The substratum underlying the 
stages of the swamp succession is circumneutral in reaction, in contrast 
to the acid reaction of the bog substratum. 
There are a few hydrophytic associations with Nymphaea, etc., scat- 
- tered over the swamp. The succession is not one of the bog type, due 
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to the present half-drained character of the swamp. There are also cer- 
tain floating hydrophytes, as Lemna minor, Lemna trisulca and Wolfia 
columbiana, found scattered about the swamp, intermingled with the 
rooted hydrophytic or the marsh plants. 


LIFE-FORM CLASSES 


It is very interesting to note how the plants of these various succes- 
sions and their stages are classified according to Raunkiaer’s method. 

Raunkiaer proposed five general life-form groups, three of which 
are subdivided into smaller groups. The five groups and their subdivi- 
sions are: 

The PHANEROPHYTES, which are plants having their dormant buds 
on branches which project into the air and thus are woody plants. These 
may further be classified according to size, since this is determined by 
the relation between the plants and the humidity of the environment. 
The subgroups are: (1) the megaphanerophytes, which have a stature 
of over 30 metres; (2) the mesophanerophytes, 8-30 metres tall: (3) 
the microphanerophytes, ranging in height from 2-8 metres; and (4) the 
nanophanerophytes, which are under 2 metres in height. 

The CHAMAEPHYTES include plants with their buds perennating on 
the surface of the ground or just above it (not exceeding 25 cm above 
it), so that in temperate and arctic regions they will be protected in 
winter by the snow, while in other localities with a dry season some 
protection will be afforded by plant remains. The buds are thus better 
protected than in the phanerophytes. 

The HEMiIcRYPTOPHYTES are plants with their dormant buds in the 
upper crust of the soil, just below the surface; the aerial parts are her- 
baceous and die away in the critical period, so that they form an addi- 
tional protection ‘to the earth-buds. In the present work, those plants 
whose buds were buried not more than one inch in the soil were con- 
sidered hemicryptophytes. 

The CrypTopuyres are the plants with their dormant parts entirelv 
and well hidden. There are three divisions of the Cryptophytes,—th2 
Geophytes, the Helophytes and the Hydrophytes. In the case of the 
geophytes, there are bulbs, rhizomes, tubers or similar structures deep 
below the soil surface. The helophytes are characterized by semiaquatic 
dormant buds and are marsh plants. The helophytes do not include 


all marsh species, but only such plants as are cryptophytes and have 
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their buds buried at the bottom of the water or in the subjacent soil. 
The hydrophytes are the water plants and have either perennating 
rhizomes or similar structures or winter buds beneath the water. 

The THEROPHYTES are plants of the favorable season and live through 
the critical season as seeds; hence they are annual plants. 

A classification of the flora of Bacon’s Swamp according to the above 
groups gave the biological spectrum below (Table I). Included with 
the spectrum for the total flora are classifications for the various asso- 
ciations. 


TABLE I. BIOLOGICAL SPECTRA OF BACON’S 
SWAMP, INDIANA 


The abbreviations used for the different life forms are: 


T—therophytes G—geophytes N—nanophanerophytes 
_ Ch—chamaephytes Mg—megaphanerophytes Hl—helophytes 
H—hemicryptophytes Ms—mesophanerophytes Hy—hydrophytes 
M—nmicrophanerophytes 
Total 

Spectrum Flora ol Ch H G Mg Ms M N Hl Hy 
Normal ...... . 400 13 9 27, 3 3 6 V7. 20 1 
Total 

HOra 2. 164 2.43 1.83 22.53 21.32 O13. 17.66.1203 4205 4G oO 
Upland 

HOkas cee 108 21. S5p ce 1cS5ie21.27 26.82 Or 21-27-2012. 02 ens. On ee en 
Lowland 

forest ...... 1S 5.5 Sees PRATT Nap pepeoe 16:65 0.38.35 5:55 5) 55 skeoe em 
Bena. WP POSS a 35;28.2°20 OS newestcc eee eae 5:8S0023.52 ee 
IN MOERE cs. IO ea? ecm See ae en OS Po ce 80:00 2°20:00" eee 
Aquatic ...... Sn eee aim wctuecnd: Suudscigs Gakeeres. ) antevein) | Reheee eee 25.00 75.00 
Wet 


meadow.. 17 5.88 5.88 29.95 5.88 


Below is given the flora of Bacon’s Swamp, classified according to 
Raunkiaer’s method. 


I. PHANEROPHYTES 


(1) MEGAPHANEROPHYTES 


Association 
Li Acer rubrics es eae. Lowland 
2: CAS SUCC HOTT ees ae en ot chili Upland 
Sia COP OUGhT pea ateee | Sees Upland 
A. AH UGUS CF ONG GLIO Leake een Bee Upland 


See PORAIUS WURETICOIG eee nnn cds Upland 
Cy PS OTSA eT Upland 
7. Liriodendron tulipifera _..............-0...-- Lowland 
Ga PHTONUS OCCUIEMGI Sw ee. Upland 
2g Ma 1 eS Se Upland 
MPI SEL OCUI PO 22 Upland 
BE PBURICUDET Othe eon Upland 
| Wie GUNG 7d YAS kana Soll ee a Lowland 
hy TENT ae «eee ee Upland 
BPE CUE SIED Se te cco enc s Upland 
SSIS 2 00 a a Upland 
(2) MESOPHANEROPHYTES 
Rm CRITE TI as oe SR evs Upland 
EELS RUNS OUD oS en ecwnec se Upland 
eee arpinus caroliniana ..........-..------------- Upland 
A AAP YO LOTOY OF INES oo ooo, ES Upland 
ee AS CUES EC IO CTL OES oe ole te Upland 
RN CTCES OTE COSI oc ose Upland 
em OP IES HOTEL oof ees eh Upland 
8. Fraxinus lanceolata. ..........--...------------ Upland 
LEDGE LAL |S See ae eS ae ee Upland and lowland 
POC ess SMIUUIICO eee oe Upland 
gE as ea a ee Lowland 
De oI UCC DI RIDLO. we RA ren eS Upland 
ES GlCGI SIO TGOCOMEIZOS inet tate ete Upland 
TAG yUnOcladUs Git ao. 22s cavemnsssnepee Upland 
Dye CLIT DO MUI CLE aspects caacecastecs -vanaents Upland 
Ce GIG RAT) 00 oi on Sones Upland 
TEA SONS VEIR CT AAAs Fas oe ieee ae ee Lowland 
Re SPEED CII IL is he aaa oe Upland 
RON EO PIS UCILOLEES tee eas a case ape ann sen Lowland 
Fe EEL OU OULCIU GLE 5 Ons: Bae i aigesas Upland 
OI IEITUS SEV OUI wl ee 82 Pasi gh a3 ea dasp ances Upland 
DTP SCACTO USO UES OMG: prs ogg ar vie ts caret Upland 
DMO ICLCUS WICOLOl® fe, pipet. presi ok aude hone Lowland 
24... Rhus toxicodend on 2. e.aescsssiseeece nn Upland 
Se SLAM) FO encanta ay do cS nd. ee Lowland 
26. Tecoma radicans .....-------------------------- Upland 


Association 


Association 


21. UUUSTUDG 2, ncn eee Lowland 
285) VED UPUITLCRED SO wcrrcrtecnetee cee wean sso Upland 
292 V SEtSsGUCOLOP seeds agence Upland 
(3) MicroPHANEROPHYTES 
1. Aroma floribunda 2 eee Moat 
Dh A SIUM AIILOUG eee ee ent er Upland 
3. Benzoin aestivale ...... Seater sneer) Upland 
4. Cephalanthus occidentalis —...........-...- Moat and wet meadow 
Brae COP PLES LTO MCI eae cue ai eee eset Upland and moat 
G.8 GALI RUSS ree eee eg ee Upland 
7. Evonymus atropur pureus.......----.-------- Upland 
Sond lOx Ver licelarai parr ce, ee Moat 
9. Menispermum canadense.............----- ..Upland 
LO. Prins Mb OF 0 so ooe cat scien soto ee Upland 
VAs, Ps Var aNIG IG Reese tase Upland 
12s Phelea-trijolidtas oa Upland 
13 5 FIRMS SUL OF OR et corse cinc eee Upland 
14 so SOU AISCOLOT Te ets tot = asta ee Moat and wet meadow 
15. S. discolor var. eriocephala.............----- Moat and wet meadow 
16. eS. aSericee ane oo ee ee Moat 
LIPISOMbUCUSICONAEnSIS Su A ne Upland 
TS i SMa WSP70 0 te spies ne Upland 
LO nS, SObUROLL OG os. tee ee Upland 
20. Xanthoxylum americanum ............---- Moat 
(4) NANOPHANEROPHYTES 
Law ARGO ES CV ROSUGLE ait Meee ne: pinssdncee ast Upland 
Dat IND SO: POLUSETES octets coisa es Moat and wet meadow 
Sa LRU Ss (ULE R NOMIC SIS oejcey ie eae os Upland 
AMIR SEES DELS pt occ. Se ohen ductal Fen 
DMA UCCIOEIIL OLS merch Spee Pata: Upland 
6. Solanum dulcamara .........2.2....2..20------ Upland and lowland . 
Favs PIFUCE SAUCHOUG.. cia me eae aon Moat and wet meadow 
Il. CHAMAEPHYTES 
1, Decodon verticillatus .......ccccienks. Wet meadow 
2, Evonymus obovatus 0.281 cee Upland 
3. “Phlog Givaricita cates eee, Upland 


III. HEMICRYPTOPHYTES 


Association 
i Avastache nepetoides =. Upland 
ame SUPINE CONGO CHSE NS 2 ee Upland 
Bs pAsCre pias tacarnata 2 Fen 
SEMA SB GIN CLC UNS emer 2 Os 0 tu er Upland 
De psdens trichosperma > Fen 
6. Calamagrostis canadensis ................-- Wet meadow 
OT gO as BO TL Le a ey Sa Lowland 
SoS UOT Ie we Oe eo No Pe Upland 
ECM (eet a2 pe ae ee Lowland 
ROC VSLODLESIS IF ORUSS ee Upland 
lA. Geranium maculata 2. cercnnonne Upland 
Ee RSCUIT DEI HUME ae ee Le Upland 
Sl A CU CHEE GINCTICORE. econ act Upland 
BS EY DGNt RUS CONCOVOT cote nene Upland 
15. Hydrophyllum virginianum............--- Upland 
16. Hypericum vir giniCum _ececcn-nn-nnne-n0 Wet meadow 
taal sOp Vii Diternatnm 2 oS oe. Upland 
(SL pve cordings ee Fen 
ST Bee STS: i aie ped OL Re ae Fen 
20. Luzula campestris var. multiflora ...... Upland 
iP VeMY EQOLO COLOTED Ce ee ence Upland 
Poe ON OCC SOHSIUIIS gett OF Soh nccctacaeam Lowland and upland 
25. OSINOT NIZE LON GIST WIS a cacn cen een Upland 
Da ek CULMOVUME SCOOIGES Gest eoepac eae o-n os Fen 
252 POIMORMIMTEPLARS ooo. oe Upland 
26. Polygonum hydropiperoides ...........-. Wet meadow 
Page, UES UATE aNd 4) ewe ieee ae ae Wet meadow 
28. Ranunculus abortivus ”_..2-2-2--2s0--20------= Lowland 
DOME SFECUTUGLUS Bin AEN os sence aes Lowland 
SOMES DUS CN DOT TIUS ose a essa nse seine Wet meadow and fen 
Vee CIFUL PUDET ON 2 or i oes aaseoyasea Upland 
32. Stvlophorum diphyllumi ............---------- Upland 
Goa VIOUS PAPHIONACEUO? cio ean c terrasse Upland 
34) Verapnnesquit 2..a. et... Upland 
Say SSCMUTENSCUIG fer. iia sth Upland 
OS NEE ig fit Bone ese Fae eae eR Upland 
he OO USIOULUSO™ it Se AE Upland 


Association 
ty Acted clb0.622. 5; meee eee Upland 
2, , Allium SD lar wer eck. seer Upland 
3. Anemonella thalictroides ........--------- Upland 
A. -Ab1OS PCD COSC Te eee eae eee Fen 
5. Arisaema APACONUMUME irene nn ncennee eee Upland 
Ode) Aub V0D Le UUM IE wets gk oe oa os Shea Se Upland 
7. Botrychium virginianum ........---------- Upland 
Si MCCS S40 CSCML CIE as eee sae Upland 
GUO YEONED DU CINICE nn Bee ete Upland 

10.. .Dentaria laciniaia. creer Upland 
11, Desmodium canadense.....< ta Fen 

12. Dicentra GOnGd eNStS west ba eee Upland 
13.6 Di CUCUUL GAG eet eS are ee Upland 
14. Epijaeus vicimiong) 6 eee. Upland 
15. ‘Hgwiselum-hyemole 2 es osc cee Upland 
LO; \Eriginem Bul DO Sie ne oases Upland 
17. Erythronium americanum ...........------- Upland 
pay EYL, Fee hoe te er ar nea ero Te Upland 
19. Eupatorium per foliatum.............-..---- Fen 

DOs WAT AStIS CANGACHSIS setae: se terymees Upland 
21. Hydrophyllum appendiculatum.......... Upland 
Die pulls PROCTO DR VUE o yte co tates eee Upland 
DB ed FES DEP SECOLOT sre as, ccc Faak ratte oe Fen 

ZAM SUMCES COMMAENSES | x. ake en Wet meadow 
ZO AICO DUS MMI LOTUS ce nk t ont Ace Fen 

26. Phryma leptostachya ...22.cc.25-2ececcnnnt--- Upland 
27, Phytolacca decane o..cse.ccccccteo.steu Upland 
28. Podophyllum peltatum _...........2.02-.-- Upland 
29. Polygonatum biflorum ..22.2..-........------ Upland 
30. % PCO MUL STUN, a2) ac Ginceahe o Upland 
31. Sanguinaria canadensis ..............020----. Upland 
32. Smmilacina racemosa 08.) ios. te Upland 
33. Tradescantia virginiana ......0......-..0.0- Upland 
34, Trillium recurvatum 0.0.2... .ceeseoenns Upland 
Se) SUES OS S010 aes Seti, ok eo hee ae as 8 Upland 


IV. "CRYPTOPHYTES 


(1) GEOPHYTES 


(2) HELoPHYTES 


Association 
1. Aspidium thelypteris _.....2..2...21--o-0s Wet meadow 
ie Ne EA SUPE ELSE coe) yee Wet meadow 
3. Dulichium arundinaceum. .................- Wet meadow and fen 
4 Potemtsla palustris. -.-.cccciiccn-0eceeneet Wet meadow 
Dee tepelaria latsfoled noe et Aquatic and fen 
OC UIIEUS CLI IS i Soo oop cS estes Lowland and fen 
De OCUMm CiCulaelOlum2 |. cg ts Fen 
Peed VP MAMOLE OSG ine Fao oo Sage Aquatic 
(3) HyprRopHyTEs 
NP CO (1 1 gaan ey Aquatic 
fo DIALS 1 Peay ES ea ioe ee a Aquatic 
So oN Vin Pigel AAVENG |). AS Aquatic 
a.¥ salves maton oo on Aquatic 
5. Ranunculus delphinifolius -................. Aquatic 
6. Wolffia Columbiana _..._...---ncnencsnnennien- Aquatic 
V. THEROPHYTES 
Dea S01 PIPE BIE eae eas ac Upland 
2. Gratiola Vir intANnd........-0002---cneecenestone Upland 
Bt Lrpuriens PAR OPO oc i teensponvcecpet Lowland 
4. Polygonum saggitatum..........-.------------ Wet meadow and fen 


DISCUSSION 


While making the above classification, difficulties were encountered 
in several instances. The geophytes and helophytes presented certain 
problems. During the rainy season of the year, some plants appear to 
be helophytes, yet in the dry season they have the life-form of a geo- 
phyte or hemicryptophyte. It was with some difficulty that these am- 
phibious plants, as Saururus cernuus, were classified. They were placed _ 
in the groups to which they belonged for the greater part of the year. 

There were certain geophytes and hemicryptophytes which were 
doubtful cases also. There are present other confusing factors besides 
a certain overlapping of the soil depths at which the perennating buds 
are hidden. Differences in the amount of leaf litter, unprotected soils 


versus protected soils and the angle of slope must be taken into con- 
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sideration. A number of studies were made of the doubtful plants and 
they -were classified according to the growth form which the majority 
of the cases assumed. 

In the interpretation of the biological spectra, Table I, the difference 
in the general types of life-forms found in each association is very clear. 
The wet meadow of the bog succession contains some shrubs, marsh 
plants and hemicryptophytes which are able to stand excessive mois- 
ture, and an occasional therophyte which comes in the less moist places 
in the dry seasons. The wet meadow contains more variety of life- 
forms than does any other association with the exception of the upland 
climax forests. The moat is vegetated entirely by densely grown shrubs 
and small trees. In contrast, the plant life of the fen is made up of a 
large group of hemicryptophytes, many species of marsh plants, a num- 
ber of geophytes and a few annuals coming in in the dry season. The 
lowland or swamp forest contains many species of trees and shrubs, 
with a few marsh plants and a rather large number of hemicrypto- 
phytes. There are some annuals which come into the lowland forest in 
the dry season. The upland forest has represented in it all the forms 
with the exception of the marsh and aquatic plants. The phanero- 
phytes are dominant here with a few annuals and a very large per- 
centage of geophytes. 

It will be noticed that there is a gradual decline in the number of 
species and in the number of life-forms from the climax or upland 
forest to the original hydrophytic stage. There is a rise in the number 
of species and life-forms from the hydrophytic association to the wet 
meadow stage. 

The phanerophytes are predominant with 43.23 per cent. of the total 
flora assuming this life-form. The cryptophytes are next with a per- 
centage of 29.84, closely followed by the hemicryptophytes with a per- 
centage of 22.53. The therophytes and chamaephytes occur in fewer 
cases than any of the other life-forms. The low percentage of thero- 
phytes is probably due to the fact that all weeds and roadside plants 
were omitted, only native species being included in the flora. 


SUMMARY 


1. There is a gradual increase in the number of species and of life- 
forms from the hydrophytic association through each succeeding stage 
of the swamp succession. The beech-maple forest or climax stage con- 
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tains a greater number of species and life-forms than any of the other 
associations. ‘ 

2. There is an increase in the number of species and life-forms from 
the aquatic stage to the wet meadow, which is the only remaining stage 
of the bog succession.- 

3. The classification of plants of various associations into life-forms 
gives a definite result, showing the difference in the edaphic and atmos- 
pheric effects of the surroundings of each association on the method of 
protection which the flora of that association assumes for the perennat- 
ing buds. In the upland forest, a predominance of phanerophytes with 
slightly protected buds are found, while in the aquatic situations the 
buds are well protected, the plants all being cryptophytes. 


Note: This work was done in connection with magna cum laude requirements 
for an A. B. degree at Butler University. The subject was suggested by Professor 
Stanley A. Cain, who has rendered many other helpful suggestions as the work 
progressed, 
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KEY TO GENERA OF FERNS AND 
FERN ALLIES 


By Ray C. FRIESNER 


The keys to be found in the Manuals used for taxonomic study often 
require the student using them to have a greater knowledge of the 
species under study than is obtainable from the specimen at hand. For 
example, the indusium regularly drops from the sorus in some genera 
when the fronds are young, while in other genera, indusia are never 
present. Examples of these are found, in the case of the former con- 
dition, in Cystopteris and Woodsia, and in the case of the latter condi- 
tion, in Polypodium and Phegopteris. How is the student just beginning 
taxonomic work on the ferns to know, when he encounters a fruiting 
frond with no indusia, whether it is a case of entire absence of indusia 
or a species from which the indusia drop off early? He should, of course, 
examine a number of specimens, but the working collection available 
for his study does not always have both young and old specimens of 
each species. ‘It should have, to be sure, but it is not always expedient 
for the instructor to have material representing all ages of fronds. 
Further, suppose the student is identifying material of his own col- 
lection instead of a set prepared for him by some one else, and he 
wishes to know today whether the absence of an indusium is a fixed 
character. He cannot always wait a year to determine his point by 
observation on younger fronds. 

Keys, to be pedagogically sound, should meet such situations by 
permitting the student to take either line of diagnosis at such a point 
and still bring him out to the proper genus or species. The characters 
used in differentiating groups, whether families, genera or species, 
should always be definitely contrasted. One member of a set should 
not deal with one characteristic and the other with a different char- 
acteristic, but both should deal with the same feature of the plants. 
All members of a set of characters should be kept together, thus making 
the key more readily followed when used for identification purposes. 
Every second set of characters should be indented slightly, thus sharply 
setting off the different sets from each other. Characters which are 
discernible at different seasons of the year should not be brought to- 


gether in the same key; e. g., flower characters of trees are present for 
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so short a period that they should not be used in a key based primarily 
upon vegetative characters. Members of a set of characters should be 
as brief as possible, no attempt being made to describe in detail. Rela- 
tive terms, such as large and small or wide and narrow, should not be 
used unless definite measurements accompany them. 

No attempt has been made to carry this key to species. Species dif- 
ferentiation is referred to the Manuals, such as Gray or Britton and 
Brown (for Northeastern United States). The figures in the key fol- 
lowing generic names refer to pages in-Gray’s Manual, 7th edition (G), 
or Britton and Brown, 2nd edition (BB), where the genus is described 
and keys are given for the determination of species. 


KEY 
1; _-Plants floating -on sutfacewi -bogey waters#: 26... =e Z 
Ley Plants inotyefloatiti¢cuse te. ee ee a eee 3 
2. Leaves apparently 2-ranked, densely papillose on dorsal 
Shele. igdea-.Ssc: =< ptgt Sal taal geese see Salvinia, G 50; BB 36 


2. Leaves closely imbricated, glabrous on dorsal surface...... 

pestipsinis.< Ss «mah a ieee Sea Yay Be Azolla, G 50; BB 38 

3. Plants twining or climbing.................... Lygodium, G 46; BB 9 
3% ‘Plants nenthéretwining horichiabing aut: eee 2 

4. Plants very slender, filiform, tortuous, 3-8 cm long.......... 

goin cae ities ao Ie in os 3 Neate «a Schizaea, G 45; BB 9 

4. Leaves 4-foliolate, plants rooted in mud of shallow 


watert: «<23 ieee SIAN tl ei rete 8 Marsilea, G 49; BB 36 
4. Leaves reduced to mere vestigial scales whorled at nodes 
Oba Ointedestemsy . teu a eee Equisetum, G 51; BB 39 


4, Leaves very long and narrow, 3-20 by 0.5-1.0 cm, very 
closely imbricated on short corm-like stem............22--.------- 
eee ced 2, Regie dels, Seat ot Ft Isoetes, G 58; BB 50 
4. Leaves small, 2-10 mm long, very closely imbricated 
4. Leaves larger, broader, frond-like, common true ferns... 6 
5. Homosporous, é. e., spores of one type only... eee 
shia: dagh tuple RD Roe Bk Bled Lycopodium, G 54; BB 43 
5. Heterosporous, 7. e., spores of two types in regard to size.......... 
iteseddessistaiwcl «giles ie aimee een Be Selaginella, G 57; BB 48 


11. 
11. 


43. 


GP 


ar. 
15. 
15. 


6. Fertile and vegetative fronds entirely separate and 
conspicuously unlike each other-.o.u..-..c...c..-scleceseceeceneneez 

6. Not differentiated into separate vegetative and fertile 
fronds, or if so they are not conspicuously different from 

Rae mre er seer Se i eS 

Stipe of fertile frond clothed with dense brown tomentum. 
Vegetative fronds may be similar in this regard...........0..22...2...-- 
EA oa ee GES Ree ee Osmunda cinnamomea, G 47; BB7 
Sepesgn fertile frond not as above. 2... nee Sele. 
eet Cree Lond Dipinnater, Wes i Ae ik, 


8. Fertile frond once-pinnate.............. Onoclea, G 45; BB 11 
Fertile frond 12.5-40 cm long. Fertile portion of more than 
iyve+pmnate divisions 2 sete ee ot Onoclea, G 45; BB 10 
Fertile frond 5-12.5 cm long. Fertile portion of five closely 
crowded pinnate divisions......................... Schizaea, G 45; BB9 


10. Individual fronds composed of both entirely vege- 
fative and ‘entirely fertile pinnacwy.22048.2-. 8... 

10. Sori borne on the backs of the otherwise vegetative 
Tai) ROR ok a Go Mae Me Re PR ee ee ne 
Vegetative segment of frond simple..Ophioglossum, G 47; BB 1 
Vegetative segment of frond compound..................-.22.---..-:0-+--- 
12. Fertile segment of frond distant, above the vegetative.. 
12. Fertile segments merely the contracted terminal por- 
tion of the ordinary frond......Polystichum, G 40; BB 16 

12. Fertile pinnae 1-8, in the middle portion of the vege- 
tative-frond 4.222. Osmunda Claytoniana, G 47; BB 8 

Frond with fleshy stipe, ultimate divisions with toothed 
SERS SES =e re Botrychium, G 47; BB 3 
Frond without fleshy stipe, ultimate divisions with entire 
(GLU Ele 2 BES nets See ae Osmunda regalis, G 46; BB7 
14. Sori not covered with an indusium; or the indusium 
REMAP OUI EL WRINCTE SOU sac oe Raed ads oc ap dene nartlnarcnbabece 

14. Sori covered with an indusium. Forms in which in- 
dusium drops when young may be sought in either of 

Cinecee MCIIAT ACKOYSn, Sl 2 Cope scree eetee heeds cokennaceaedende 


Fronds once-pinnatifid -...............---.-- Polypodium, G 34; BB 35 


Fronds twice-pinnatifid to 4-pinnate, green on both surfaces... 
Fronds 1-4 pinnate, lower surface hairy, tomentose, or covered 
with a white or waxy powdet.............. Notholaena, G 35; BB 35 


10 


11 


14 


12 
13 


15 


18 


16 


17. 


iW 


19. 
19. 


2A. 


ZAR 


2a: 


255 
25. 
NY. 


16. ‘Rachis winged between the pinnae...........----.-.-------—------- 
Ne es ac ae Phegopteris, G35; BB 23 

16. Rachis not. winged: between pinnae._..2.-...--40- ee 
Stipes, rachis and ventral side of midvein minutely chaffy...... 
DO Ph eee 1 ee ee ees ee Woodsia, G 43; BB 11 
Stipes, rachis and ventral side of midvein without chaff........... 
io SE Sls dee Se ie ee Cystopteris, G43; BB 14 
18. Indusium false, 7. e., formed from the revolute margin 
of the’ frond 232.24 eae ee es ee 

18. Indusium true, 7. e., not formed from the revolute mar- 
gin of the frond 2... eee ee 

Sori forming a more or less continuous marginal band 


20,. Stipe and vachis chestnut-browry 2. eres er eeeene 

a latte ae) Eb ee Cheilanthes, G 36; BB 33 

20. Stipe, straw-colored sonigreenish-aeee eee 
Stipe and rachis smooth and shining, without scales.........-....... 
ais Sues A ae. Oe ee Notholaena, G 35; BB 35 
Stipe and rachis clothed with brownish scales...................-..-.---- 
Boek ied neces casa oar peeete oe eee ee Cheilanthes, G 36; BB 33 
22. Fronds not dimorphic, stipe and rachis smooth or 
densely chaffy throughout; pinnules glabrous or slightly 


pubescent on ventral surface near margins and midvein 


nln! ,. aed a aie edt Mk ee Pteris G36; BE 3! 

22. Fronds dimorphic, fertile narrower than sterile, chaff 

limited to base of stipe, pinnules glabrous...................... 

ae ee ror een Cryptogramma, G 36; BB 52 

Sori small, globular, at the apex of free veins, appearing as if 

raised upon a pedestal ..............--.2..- Dicksonia, G 44; BB 14 

Sori oblong or somewhat crescent-shaped... 

nee peer oe et EPs ees a tl Adiantum, G 35; BB 31 

24. Fronds transparent, consisting of a single layer of cells 

Gilg. teed get ae eter oe para oe Trichomanes, G 33; BB 8 

24. Fronds thicker, of more than one layer of cells 

Sori more or less elongated, straight or curved 
Sori more or less rounded 


19 


24 
20 
aS 
aE 


99 


25 
26 
29 


BOR me Melisa TPTICU ATE (eee co 2 dead OP tee es ao 2 
Fibs 7 MCN Be Shs 08 2 TSR Sie sett ie 2 op cE Sa 28 
27. Sori forming a chain-like row on either side of midvein............ 
fa SENS ee eee W oodwardia, G 37; BB 34 
27. Sori scattered, some parallel with midvein and some parallel 
Witbeinterabupeins mi) ate ena Camptosorus, G 40; BB 25 
28. Sori single, frond once-pinnatifid to 4-pinnate................ 
ee ei a Asplenium, G 38; BB 26 
28. Sori confluent in pairs, frond entire or merely undu- 


late Rees are eee Scolopendrium, G 40; BB 25 
29. Indusium attached by the center_................ PE RO ee a ee 30 
29. Indusium attached by one side.......... Cystopteris, G 43; BB 14 
29. Indusium inferior, 7. e., attached at two or more points beneath 
TUES Pe Pia We Nea ol Zeke aS eee ae me eee ae 31 


$07 indusiini round) without a sinus:..235 5 ee 

oh a ee Ree ee Polystichum, G 40; BB 16 

30. Indusium round or reniform, with a sinus -.................... 

yan ee ge ES ee Aspidium, G 41; BB 17 

31. Indusium two-valved, cup-shaped........ Dicksonia, G 44; BB 14 
31. Indusium with more than two valves......Woodsia, G 43; BB 11 


CHECK-LIST OF INDIANA FERNS AND FERN ALLIES 


The following sixty-five species of ferns and fern allies are to be 
found growing out of cultivation in Indiana: 


Adiantum pedatum L. A. pinnatifidum Nutt. 
Aspidium cristatum Sw. A. platyneuron (L) Oakes. 
A. Goldianum Hook. A. Ruta-muraria L. 
A. marginale Sw. A. Trichomanes L. 
A. noveboracense (L) Sw. Azolla caroliniana Willd. 
A. spinulosum (Mueller) Sw. Botrychium obliquum Muh. 
A. spinulosum intermedium B. obliquum dissectum (Spreng) 
(Muhl.) Eaton. Clute. 
A. Thelypteris (L) Sw. B. ternatum intermedium 
Asplenium acrostichoides Sw. D. C. Eaton. 
A. angustifolium Michx. B. simplex E. Hitch. (Doubtful.) 
A. ebenoides R. A. Scott. B. obliquum Mubl. . 
A. Filix-femina (L) Bernh. B. virginianum (L) Sw. 
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Camptosorus rhizophyllus (L) 
Link. 


Cheilanthes lanosa (Michx.) Walt. 


Cystopteris hulbifera (L) Bernh. 
C. fragilis (L) Bernh. 
Dicksonia punctilobula (Michx.) 
Gray. 
Equisetum arvense L. 
E. fluviatile L. 
E. hyemale L. 
E. hyemale intermedium 
A. A. Eaton. 
E. laevigatum A. Br. 
E. robustum A. Br. 
E. variegatum Schleich. 
Lycopodium clavatum L. 
L. complanatum L. 
L. inundatum L. 
L. lucidulum Michx. 
L. obscurum L. 
_L. obscurum dendroideum 
(D. C. Eaton) Michx. 
L. porophilum (L. and U.) Clute. 
L. selago L. 
Marsilea quadrifolia L. 


Onoclea sensibilis L. 

O. Struthiopteris (L) Hoffm. 

Ophioglossum vulgatum L. 

Osmunda cinnamomea L. 

O. cinnamomea frondosa Gray. 

O. cinnamomea incisa 
J. W. Huntington. 

O. Claytoniana L. 

O. regalis L. 

Pellaea atropurpurea (L) Link. 

Phegopteris Dryopteris (L) Fee. 

P. hexagonoptera (Michx.) Fee. 

P. polypodiodes (L) Fee. 

Polystichum acrostichoides 
(Michx.) Schott. 

P. acrostichoides Schweinitzu 
(Beck) Small. 

Polypodium polypodioides (L) 
ASS) Hitch: 

P. vulgare L. 

Pteris aquilina L. 

Selaginella apus (L) Spreng. 

S. rupestris (L) Spreng. 

W oodsia obtusa (Spreng.) Torr. 

W oodwardia virginica (L) Sw. 
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The keys to be found in the Manuals used for taxonomic study often 
require the student using them to have a greater knowledge of the 
species under study than is obtainable from the specimen-at hand. For 
example, the indusium regularly drops from the sorus in some genera 
when the fronds are young, while in other genera, indusia are never 
present. Examples of these are found, in the case of the former con- 
dition, in Cystopteris and Woodsia, and in the case of the latter condi- 
tion, in Polypodium and Phegopteris. How is the student just beginning 
taxonomic work on the ferns to know, when he encounters a fruiting 
frond with no indusia, whether it is a case of entire absence of indusia 
or a species from which the indusia drop off early? He should, of course, 
examine a number of specimens, but the working collection available 
for his study does not always have both young and old specimens of 
each species. It should have, to be sure, but it is not always expedient 
for the instructor to have material representing all ages of fronds. 
Further, suppose the student is identifying material of his own col- 
lection instead of a set prepared for him by some one else, and he 
wishes to know today whether the absence of an indusium is a fixed 
character. He cannot always wait a year to determine his point by 
observation on younger fronds. 

Keys, to be pedagogically sound, should meet such situations by 
permitting the student to take either line of diagnosis at such a point 
and still bring him out to the proper genus or species. The characters 
used in differentiating groups, whether families, genera or species, 
should always be definitely contrasted. One member of a set should 
not deal with one characteristic and the other with a different char- 
acteristic, but both should deal with the same feature of the plants. 
All members of a set of characters should be kept together, thus making 
the key more readily followed when used for identification purposes. 


ez 


Every second set of characters should be indented slightly, thus sharply 
setting off the different sets from each other. Characters which are 
discernible at different seasons of the year should not be brought to- 
gether in the same key; e. g., flower characters of trees are present for 
so short a period that they should not be used in a key based primarily 
upon vegetative characters. Members of a set of characters should be 
as brief as possible, no attempt being made to describe in detail. Rela- 
tive terms, such as large and small or wide and narrow, should not be 
used unless definite measurements accompany them. 

No attempt has been made to carry this key to species. Species dif- 
ferentiation is referred to the Manuals, such as Gray or Britton and 
Brown (for Northeastern United States). The figures in the key fol- 
lowing generic names refer to pages in Gray’s Manual, 7th edition (G), 
or Britton and Brown, 2nd edition (BB), where the genus is described 
and keys are given for the determination of species. 


KEY 
1. Plants floating on surface of boggy waters.................----.--------- 2 
Da lants nots oatin Gas) ere ee ee eee es Ri rE oA 3 
2. Leaves apparently 2-ranked, densely papillose on dorsal 
1 eee ae oe SEL ey Me AU Salvinia, G 50; BB 36 


2. Leaves closely imbricated, glabrous on dorsal surface...... 

oe ts oy Me Wp See NE kre ny nS Azolla, G 50; BB 38 

3. Plants twining or climbing... Lygodium, G 46; BB 9 
5b lantspnertberat wining NOPSCHINDIng -2.......20. see eee 4 

4. Plants very slender, filiform, tortuous, 3-8 cm long.......... 

Sse ee Semen eet, Lar eT eke eee Schizaea, G 45; BB 9 

4. Leaves 4-foliolate, plants rooted in mud of shallow 


RUE CT Sah otis ge ie ee eee Marsilea, G 49; BB 36 
4. Leaves reduced to mere vestigial scales whorled at nodes 
of jointed stems ...___.....- mee pe Equisetum, G 51; BB 39 


4. Leaves very long and narrow, 3-20 by 0.5-1.0 cm, very 
closely imbricated on short corm-like stem..................... 
Wp Rea e tong atta Noa hae en te Mice ees REY IN Isoetes, G 58; BB 50 
4. Leaves small, 2-10 mm long, very closely imbricated...... 5 
4. Leaves larger, broader, frond-like, common true ferns... 6 


11. 
Ti. 


13; 


13; 


Homosporous, i. €., spores of one type only.............2---eeeceeeceeoee- 
Aone ates can ae ee a Lycopodium, G 54; BB 43 
Heterosporous, 7. €., spores of two types in regard to size.......... 
oe ly Ee Ee ee Cle ee Selaginella, G 57; BB 48 
6. Fertile and vegetative fronds entirely separate and 
conspicuously unlike each other............22.....c..-scec--see-ses-o0 

6. Not differentiated into separate vegetative and fertile 
fronds, or if so they are not conspicuously different from 

OD AS ES | ee ee eR 

Stipe of fertile frond clothed with dense brown tomentum. 
Vegetative fronds may be similar in this regard_......--.2.220........ 
ok Wea Meek ESE oem ee Ee Osmunda cinnamomea, G 47; BB 7 
Pipe mtectilerirond not. aS AboOves.2 4 issanesee ened ik Ancak lates 
SP METIMe Pond. Apna ten) Sab Ate) has a Nan Peers 


8. Fertile frond once-pinnate.............. Onoclea, G 45; BB 11 
Fertile frond 12.5-40 cm long. Fertile portion of more than 
five pinnate divisions.............-.-..----------- Onoclea, G 45; BB 10 
Fertile frond 5-12.5 cm long. Fertile portion of five closely 
crowded pinnate divisions............... ..-.-..-. Schizaea, G 45; BB9 


10. Individual fronds composed of both entirely vege- 
tative and entirely fertile pinnae..............-...-.--------------+- 

10. Sori borne on the backs of the otherwise vegetative 
NE en ane Se 2 ne Sheen ce Oe Ro oa ea 
Vegetative segment of frond simple..Ophioglossum, G 47; BB 1 
Vegetative segment of frond compound...................------.------------ 
12. Fertile segment of frond distant, above the vegetative.. 
12. Fertile segments merely the contracted terminal por- 
tion of the ordinary frond......Polystichum, G 40; BB 16 

12. Fertile pinnae 1-8, in the middle portion of the vege- 
tative frond.............. Osmunda Claytoniana, G 47; BB 8 

Frond with fleshy stipe, ultimate divisions with toothed 


Oh I CTS OM eS Se ee eee Botrychium, G 47; BB 3 


Frond without fleshy stipe, ultimate divisions with entire 
PATER TS SOM Ite Bh ceaan gern alk Osmunda regalis, G 46; BB7 
14. Sori not covered with an indusium; or the indusium 
THY SULOD COLES WELL YOUN Sass Naewarcteccs ities od acetal sone cste 2 

14. Sori covered with an indusium. Forms in which in- 
dusium drops when young may be sought in either of 

Gist: ACL eh F yeti 08 skin. obs ei ee Oe ee ae 


10 


11 


14 


12 
13 


15 


15. Fronds once-pinnatifid -.........--2...-- Polypodium, G 34; BB 35 
15. Fronds twice-pinnatifid to 4-pinnate, green on both surfaces... 
15. Fronds 1-4 pinnate, lower surface hairy, tomentose, or covered 
with a white or waxy powdet............-- Notholaena, G 35; BB 35 

16. Rachis winged between the pinnae.............--.---2---------- 
wscuidt-lentsns koa ee Phegopteris, G 35; BB 23 

16. Rachis not,winged: between pinnae eee 

17. Stipes, rachis and ventral side of midvein minutely chaffy--.... 
alien Ae ee W oodsia, G 43; BB 11 

17. Stipes, rachis and ventral side of midvein without chaff__....... 
Uist cased baustovesls naa eee eee eee Cystopteris, G43; BB 14 

18. Indusium false, 7. e., formed from the revolute margin 

“of the frond...........2ee eee eee 

18. Indusium true, 7. e., not formed from the revolute mar- 

gin of the ‘frond..c5 See eee eee 

19. Sori forming a more or less continuous marginal band.............. 
19. Sori not forming a more or less continuous marginal band 
20. Stipe and rachis blackish or purplish 

20. Stipe and rachis chestnut-Drowmae=s gene 

ide ck pied ee ee OR ee Cheilanthes, G 36; BB 33 

20. Stipe straw-colored ror greenish = ey eee 

21. Stipe and rachis smooth and shining, without scales................. 
TE re ey eee: Notholaena, G35; BB 35 

21. Stipe and rachis clothed with brownish scales_........:......2...... 
Ny ciura ecw cecetsaae es .ocaG ae ee eae a Chetlanthes-G 36; BB 33 
22. Fronds not dimorphic, stipe and rachis smooth or 
densely chaffy throughout; pinnules glabrous or slightly 

pubescent on ventral surface near margins and midvein 

Sobtsne nena Raat os ices. a eee Pieris, G36; BB 31 

22. Fronds dimorphic, fertile narrower than sterile, chaff 
limited to base of stipe, pinnules glabrous 


ae eens Cryptogramma, G 36; BB 52 © 


23. Sori small, globular, at the apex of free veins, appearing as if 


raised upon-axpedestall oactat 5. oeee Dicksonia, G 44; BB 14 
23. Sori oblong or somewhat crescent-shaped............2-2-----0cceccee-os--- 


seta en can cacti Dceni dg wanes ee Adiantum, G 35; BB 31 
24. Fronds transparent, consisting of a single layer of cells 


Only) Sees: acl aaa eee ......T'richomanes, G 33; BB 8 
24. Fronds thicker, of more than one layer of cells 


16 


ti 


19 
24 
20 


23 
21 


22 


2la 


- rt tt ee Ye 
ci ON aN SS 


on back of midvei 


BB 33 


not limited to 


Neee-eliaea 
ee 


numerous sea) 
back of mnidveinif 


Cheilanthes G 36; BB 33 
neat lata 


25. Sori more or less elongated, straight or CURVE eee 26 
Somers moore OF less'rounded @2.) 22.20. 29 
25. Sori rounded when young, but confluent when old........--......... 


2 EL AMERSS 1030 a1) a5 ec rr 27 
RST TS rr cn ae 28 
27. Sori forming a chain-like row on either side of midvein.-.......... 
ene ee eee ON W oodwardia, G 37; BB 34 
27. Sori scattered, some parallel with midvein and some parallel 
emit wnlateraleyeins 2s of Camptosorus, G 40; BB 25 
28. Sori single, frond once-pinnatifid to 4-pinnate-.......-....... 
SS ee Asplenium, G38; BB 26 
28. Sori confluent in pairs, frond entire or merely undu- 
US a ee Scolopendrium, G 40; BB 25 
2 eamdustudr attached by ‘the center..._.......--2......c2cse-eeeeneeennenee ieee 30 
29.. Indusium attached by one side.......... Cystopteris, G43; BB 14 
29. Indusium inferior, 7. e., attached at two or more points beneath 
Ce Se ee 31 
30. Indusium round, without a sinus......-...2.--. ee 
a ee ea Polystichum, G 40; BB 16 
30. Indusium round or reniform, with a sinus -....................- 
ce oe he ae oe Aspidium, G 41; BB 17 
31. Indusium two-valved, cup-shaped........ Dicksonia, G 44; BB 14 
31. Indusium with more than two valves......Woodsia, G 43; BB 11 


CHECK-LIST OF INDIANA FERNS AND FERN ALLIES 


The following sixty-five species of ferns and fern allies are to be 
found growing out of cultivation in Indiana: 


Adiantum pedatum L. Asplenium acrostichoides Sw. 
Aspidium cristatum Sw. A. angustifolium Michx. 
A. Goldianum Hook. A. ebenoides R. A. Scott. 
A. marginale Sw. A. Filix-femina (L) Bernh. 
A. noveboracense (L) Sw. A. pinnatifidum Nutt. 
A, spinulosum (Mueller) Sw. A, platyneuron (L) Oakes. 
A. spinulosum intermedium A. Ruta-muraria L. 
(Muhl.) Eaton. A. Trichomanes L. 
A. Thelypteris (L) Sw. Azolla caroliniana Willd. 


Botrychium obliquum Muhl. 

B. obliquum dissectum (Spreng) 
Chute? 

B. ternatum intermedium 
D. C. Eaton. 

B. simplex E. Hitch. (Doubtful.) 

B. obliquum Muhl. 

B. virginianum (L) Sw. 

Camptosorus rhizophyllus (L) 
Link. 


Cheilanthes lanosa (Michx.) Walt. 


Cystopteris bulbifera (L) Bernh. 

C. fragilis (L) Bernh. 

Dicksonia punctilobula (Michx.) 
Gray. 

Equisetum arvense L. 

E. fluviatile L. 

E. hyemale L. 

E. hyemale intermedium 
A. A. Eaton. 

E. laevigatum A. Br. 

E. robustum A. Br. 

E. variegatum Schleich. 

Lycopodium clavatum L. 

L. complanatum L. 

L. inundatum L. 

L. lucidulum Michx. 

L. obscurum dendroideum 
(D.C. Eaton) Michx. 


L. obscurum L. 

L. porophilum (L. and U.) Clute. 

L. selago L. 

Marsilea quadrifolia L. 

Onoclea sensibilis L. 

O. Struthiopteris (L) Hoffm. 

Ophioglossum vulgatum L. 

Osmunda cinnamomea L. 

O. cinnamomea frondosa Gray. 

O. cinnamomea incisa 
J. W. Huntington. 

O. Claytoniana L. 

O. regalis L. 

Pellaea atropurpurea (L) Link.. 

Phegopteris Dryopteris (L) Fee. 

P. hexagonoptera (Michx.) Fee. 

P. polypodiodes (L) Fee. 

Polystichum acrostichoides 
(Michx.) Schott. 

P. acrostichoides Schweinitzit 
(Beck) Small. 

Polypodium polypodioides (L) 
A: §, Hitch. 

P. vulgare L. 

Pteris aquilina L. 

Selaginella apus (L) Spreng. 

S. rupestris (L) Spreng. 

W oodsia obtusa (Spreng.) Torr. 

W oodwardia virginica (L) Sw. 
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